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Contemporary Themes

Control and prevention of tuberculosis: a code of practice

JOINT TUBERCULOSIS COMMITTEE OF THE BRITISH THORACIC SOCIETY*

Abstract

The Joint Tuberculosis Committee has compiled a report
that is designed to answer the questions most commonly
asked about the control and prevention of tuberculosis.
Advice is given on assessing the degree of infectivity and
on the segregation of patients. The measures necessary
to protect National Health Service workers depend on
the risk of exposure, and health authorities should follow
the advice given by the Department of Health and Social
Security. Chest x ray examinations may be recommended
for those entering the teaching profession and may be
necessary for staff and children when tuberculosis is
discovered in a schoolchild. The diagnostic, protective,
and therapeutic measures required for contacts depend
on the degree of infectivity in the index case, the close-
ness of contact, and the ethnic group of the index case.
The incidence oftuberculosis is much higher among some
immigrant populations than among the native population
and screening programmes are needed (a) to detect
cases of active tuberculosis, (b) to identify infected
individuals without active disease, and (c) to identify
those in need of vaccination. Finally, the current recom-
mendation that BCG vaccinations should be offered
routinely in schools to children aged 10-14 has been
highly effective in preventing tuberculosis and should
be maintained.

Introduction

The Joint Tuberculosis Committee is receiving with increasing
frequency inquiries about the control and prevention of tuber-

*This report was prepared by a subcommittee appointed by the Joint
Tuberculosis Committee whose members were Dr K M Citron, Dr Martin
McNicol, Dr R Raynes, and Dr G 0 Thomas. It was written by Dr Citron.

Correspondence to: 30 Britten Street, London SW3 6NN.

culosis. The need for information has resulted from the recent
retirement of many physicians with experience in tuberculosis'
and changes in staff during the current reorganisation of the
National Health Service. Moreover, there are great differences
in the incidence of tuberculosis between different regions of
England and Wales2 so that in some regions control and pre-
vention of tuberculosis is a major concern of health workers,
whereas in others the occasional case of tuberculosis poses an
unfamiliar problem, giving rise to doubt and controversy.
The Joint Tuberculosis Committee has produced a report

with the object of providing a code of practice incorporating
the answers to questions that have arisen most often in regard
to the control and prevention of tuberculosis.

Infectiousness and segregation of patients with tuber-
culosis

For practical purposes the only source of tuberculous infection is
a person with pulmonary tuberculosis in whose sputum tubercle
bacilli are present in sufficient numbers to be seen on direct examina-
tion of sputum smears. Patients with pulmonary tuberculosis in whom
three or more sputum smears give negative results on direct smear
examination, should be regarded as non-infectious (this includes
patients whose sputum appears negative on direct examination but
proves to be positive on culture).
Non-pulmonary tuberculosis is also non-infectious even though

tubercle bacilli may have been cultured from specimens from the
lesions.3 All patients diagnosed as having tuberculosis, whether
infectious or not, must be notified as suffering from tuberculosis.
Some problems of tuberculosis notifications have been reviewed
recently by the Joint Tuberculosis Conimittee.4

Patients become non-infectious very soon after starting chemo-
therapy which includes rifampicin and long before the disap-
pearance of acid fast bacilli from sputum smears. The number
of live tubercle bacilli in sputum (as shown by growth in culture)
falls by 99% after the first two weeks' chemotherapy.5 For practical
purposes patients with pulmonary tuberculosis in whose sputum
tubercle bacilli were seen on direct examination should be regarded
as non-infectious after two weeks of chemotherapy including rifam-
picin but may not remain so unless regular and adequate chemo-
therapy is continued thereafter.6 This recommendation does not
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apply to patients in whom chemotherapy may be inadequate
because of poor compliance or acquired drug resistance. Further-
more, a longer period of avoidance of contact may be recommended
when close contacts include infants or young children. Details of
rapidly effective chemotherapy regimens are given in recent publi-
cations.7

Control of tuberculosis in hospitals
The policy of admitting all patients with pulmonary tuberculosis

to hospital for the purpose of treatment and segregation is now in-
defensible." Seven controlled studies have shown that therapeutic
results of treatment in hospital are no better than those of well
supervised home treatment.9 Home treatment exposes close family
contacts to a negligible risk of infection, as has been shown by several
controlled studies.'0 The risk to contacts occurs before chemotherapy
is started and is abolished rapidly thereafter. In spite of the absence
of evidence of the value of hospital treatment, most patients
with pulmonary tuberculosis in England and Wales are admitted to
hospital for diagnosis, treatment, or segregation, or for social reasons.'

Advice on the management of tuberculous patients in hospitals
is given in the health circular of the Department of Health and Social
Security (DHSS HC(78)3).3 When patients with newly diagnosed
infection are treated in hospital special considerations apply because
other patients in contact may be specially susceptible to infection
because of lowered resistance due to illness or drugs. Segregation is
therefore recommended for patients with pulmonary tuberculosis in
whose sputum tubercle bacilli are found on direct smear. Segregation
is maintained by accommodating the patient in a well ventilated single
room or in a ward that has been set aside for patients with infectious
tuberculosis. Barrier nursing is unnecessary; gowns and masks do
not protect staff from infection and need not be worn. Patients should
be instructed to cover their mouth and nose when coughing and
sneezing, and those unable or unwilling to control coughs should
wear a mask during nursing procedures. Marked crockery and
separate washing up facilities are unnecessary, and no special pre-
cautions are needed for bed linen, books, etc, because transmission
of tuberculosis is by droplet infection and not by foamites. Disposal
of infectious material such as sputum or sinus discharge should be by
heat sterilisation. Fumigation of rooms that have housed patients
with tuberculosis is unnecessary. The cleaner of the room or ward
housing infectious patients is not at special risk provided that he or
she has been supervised in accordance with the recommendations
made in the following section covering the protection of NHS
employees against tuberculosis. Segregation can generally be dis-
continued two weeks after start of chemotherapy.

Patients with pulmonary tuberculosis whose sputum is negative
on direct smear and patients with non-pulmonary disease do not need
segregation and may be nursed in a general ward.

Protection against tuberculosis in NHS employees

All National Health Service workers likely to be in contact with
patients or with tuberculous material should be subject to measures
for protecting them against tuberculosis. Relevant advice is given
in circulars for England and Wales3 and for Scotland.'2 Staff are
divided into three groups according to their occupation. Those at
minimal risk of exposure to tuberculosis who need no special pro-
tection and do not require pre-employment chest x ray examination,
and those at normal or higher risk who need the protective measures
described below. In addition, staff working with infants and children
are screened to exclude those with infectious tuberculosis.

STAFF AT MINIMAL RISK

Employees at minimal risk are those in regular contact with
patients and those laboratory workers and others who handle material
that does not contain tubercle bacilli. Currently, the pre-employment
examination includes a tuberculin test and chest x ray examination.
Subsequent routine chest x ray examinations are unnecessary. The
tuberculin test is best performed using the multiple puncture (Heaf)
technique. The reading ofthis simple test gives a grading ofthe reaction
(grades 1-4) according to the tuberculin sensitivity of the individual.
BCG vaccination should be given to all those with negative and
grade 1 reactions. No tests are required after vaccination. Any
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person with a negative reaction who refuses vaccination should have
the risks explained and the refusal recorded. They should be dis-
couraged from engaging in any work that entails a risk of exposure to
tuberculosis, and should be prevented from working in any of the
high risk occupations mentioned below. They should be given a
tuberculin test at six monthly intervals during their employment.

Staff who have received appropriate protection at the pre-employ-
ment examination and who are subsequently in contact with infectious
tuberculosis run very little risk of developing the disease. They should
be referred for the routine contact examination procedures mentioned
below.

STAFF AT HIGHER RISK

Those at higher risk are staff who are in regular contact with
patients known to have tuberculosis or laboratory workers who
handle potentially tuberculous material.
These employees should have a pre-employment examination

similar to that for staff at minimal risk but in addition all those given
BCG vaccinations should have the site of vaccination inspected six
weeks later to confirm that a satisfactory reaction has occurred;
only those without such a reaction require a further test after vacci-
nation. An annual chest x ray examination should be offered to all
workers in the higher risk group.

STAFF IN OBSTETRIC OR CHILDREN'S DEPARTMENTS

All staff working in obstetric or children's departments should
provide evidence of a satisfactory chest x ray film taken within the
previous 12 months. This should include doctors, medical students,
nurses, and ancillary workers. Difficulty may arise among trainee
nurses and others who rotate through these departments for only
short periods of time and who may have had a chest x ray examination
within the previous few years and do not wish to have another because
of worries about radiation. The risk to the recipient of a single x ray
examination is negligible, however, compared with the risk of allowing
infants and children to be exposed to infectious pulmonary tuber-
culosis.

Control of tuberculosis among school teachers and local
authority staff

Candidates entering teacher training colleges should receive a
tuberculin test and, if necessary, BCG vaccination. A chest x ray
examination is no longer a mandatory part of the medical examination
of school teachers on entry to the profession in England and Wales,
but it may be advised at the discretion of the examining doctor13;
it remains mandatory in Scotland.'4 Local authority staff and others
whose duties entail regular and close work with children are currently
advised to have a pre-employment chest x ray examination or alter-
natively to provide evidence of a satisfactory x ray film taken during
the previous 12 months. Routine periodic chest x ray examinations
are not required, but staff who develop a respiratory illness with
persistent cough should be referred promptly for a chest x ray
examination.

Examination of contacts

A study of the examination of contacts in Britain showed that it is
a necessary and valuable procedure."5 The figures quoted below are
taken from this study.

DEFINITION OF THE TYPE OF CONTACT

Definition of the type of contact and of the disease and ethnic
group of the index case is important in relation to the diagnostic,
protective and therapeutic measures needed.
Pulmonary disease

Household and other close contacts-Contacts are at greatest risk
when they share domestic accommodation with an index case in
whose sputum tubercle bacilli are seen on direct examination. Some
9% of Asian household contacts and 12% of non-Asians develop
active disease.'5 Every effort should be made to identify all such
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contacts. When the index case has sputum smears giving negative

results on direct examination, household contacts run a much lower

risk (2-8% of Asians and 0-5% non-Asians). They should, however,

be examined.
Non-household and casual contacts-These contacts are not normally

examined because they run a low risk (030/h). If these contacts

unusually susceptible, however-for example, young children

immunosuppressed adults-or where the index case is thought

be highly infectious, examination of casual contacts may be desirable.

Non-pulmonary disease
Contacts of these patients run a low risk (100) However

household contacts of an Asian index case should be examined.

INVESTIGATION OF CONTACTS

Investigation is by tuberculin testing and chest x ray examination.

Tuberculin testing is conveniently done by the Heaf multiple punc-

ture method. The grading of the reaction (grade 1-4) according

the tuberculin sensitivity of the individual, is valuable in the

of contacts for various management policies (see below). Alternatively,

the Mantoux test may be used. The Tine test is convenient

reliability has been questioned. Tuberculin testing is essential

children who have not received BCG vaccination and is desirable

for most contacts. It may be carried out immediately, but

sputum of the index case shows tubercle bacilli on direct examination,

it is best repeated more than six weeks from the last contact

time for tuberculin conversion.

Chest x ray examination is carried out on all adults and in tuberculin

positive (Heaf grade 2-4) children.

MANAGEMENT

BCG vaccination is offered to Heaf grade 0 or 1 contacts unless

they have been vaccinated previously.

Chemoprophylaxis may be considered for individuals who have

strongly positive reaction to the tuberculin test but who have no

clinical or radiographic evidence of tuberculous disease. The risk

developing disease after infection depends on whether the individual

has been recently infected, on age, and on ethnic group. Chemopro-

phylaxis is justified for contacts in whom tuberculin conversion

likely to have been recent. Chemoprophylaxis should be considered

for all those up to the age of 15 years with grade 3 or 4 reactions

to the Heaf test, for children up to the age of 5 years with grade

2 reaction, and for the contacts of an Asian index case with reaction

of grades 2-4. Isoniazid should be used for chemoprophylaxis

daily dose of 300 mg (5-10 mg/kg in children) for 6-12 months.

risk of isoniazid toxicity is minimal except in adults over 40

alcoholics.
Follow up-Most disease in contacts is discovered during

initial examination and no further follow up will be required

for the following groups. (a) Those with grade 3 or 4 reaction

the Heaf test who are not given chemoprophylaxis should be followed

up with chest x ray examinations for two years, provided that they

have not had BCG vaccinations or previous tuberculosis. Those

grade 2 reactions (other than the groups mentioned above) require

no follow up. (b) Household contacts of Asian index cases with

monary disease should be followed up with chext x ray examinations

for 2 years, since in 140o of cases pulmonary disease is found by

end of the second year of follow up.

Tuberculosis in schools

Tuberculosis in schoolchildren or school staff may lead to

among parents and teachers and controversy among medical advisers.

The following management is reconmended.
Contact procedures are required only if the index case suffers

pulmonary tuberculosis. If the index case is a teacher or

whose sputum is negative on direct examination, only the

mates need examination, but if the index case has sputum

is positive on direct examination, all children in the same year

be examined, so allowing for the mobility of the child in various

classrooms, and all members of staff, if the index case is a teacher.

Contacts who have not had BCG vaccination-These children should

undergo tuberculin tests. When the index case has positive findings

on direct examination of sputum smears the tuberculin test should

be repeated six weeks after the last contact with the case, so allowing
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time for tuberculin conversion. Tuberculin reactors should be re-
ferred for chest x ray and contact examination (see above). Special
care should be taken to examine all children who have not had BCG
vaccinations, as there have been examples in which a single source
of infection may cause disease in many of these susceptible children.

Contacts who have evidence of previous BCG vaccination-These
children require a chest x ray examination, ideally about three
months after the diagnosis of the index case.

Screening of immigrants

The incidence of tuberculosis among some immigrant groups in
Britain is much higher than in the native born population. A survey
in England and Wales in 1978/9 showed an overall annual notifi-
cation rate per 100 000 of 18 3 but for the ethnic groups from the
Indian subcontinent it was 382, with considerable regional varia-
tions, being 1132 in one region.2 Screening programmes for im-
migrants have the following objectives16: (a) detection of active
tuberculosis; (b) identification of infected (positive reaction to tuber-
culin test) individuals who have no evidence of active tuberculous
disease, who may require chemoprophylaxis to prevent them develop-
ing the disease; and (c) identification of uninfected individuals
(negative reaction to tuberculin test) who require BCG vaccination
to prevent infection.

It is reasonable to screen all immigrants coming from countries
where tuberculosis is common, especially those from the Indian sub-
continent and the Vietnamese boat people, who have the highest
tuberculosis rates.

ORGANISATION OF SCREENING

Over 8000 of immigrants arrive in this country through terminal 3
at Heathrow, where they are referred to a medical officer who obtains
the address of intended settlement, which is then reported to the
relevant medical officer of environmental health. Information may
also be obtained from family practitioner committees.

Immigrants should be contacted as soon as possible after arrival,
as they are a highly mobile group. The maximum incidence of tuber-
culosis is within five years of arrival.'7 This probably results most
commonly from breakdown of apparently quiescent infection, so that
if chemoprophylaxis is given, the earlier it is begun the better. If
new high risk-that is, Asian-immigrants are expected in a com-
munity they can usually be handled by the already established
tuberculosis contact clinics. If, however, the number is large, then
a separate clinic with special staff may be needed. In this case efforts
should be made to obtain the cooperation ofimmigrants through
local immigrant organisations.

Screening procedures-Essential procedures are chest radiography,
tuberculin test (Heaf multiple puncture), and BCG vaccination.
Starting the process in the home is helpful for gaining immigrants'
confidence and contacting as many of them as possible. It is therefore
useful to have the Heaf test given and read at home, after which those
with negative reactions are referred to a clinic for BCG vaccination,
and those with positive reactions for chest x ray examination and
assessment.
Chemoprophylaxis-Chemotherapy may be administered to in-

dividuals who give positive reactions to the tuberculin test but have
no evidence of tuberculous disease; the object is to prevent them
developing tuberculosis. The efficacy of chemoprophylaxis among
immigrants in Britain can only be inferred but is probably high. The
selection of people for chemotherapy is contentious. The incidence
of clinical tuberculosis in immigrants from the Indian subcontinent
during their first five years here is probably about 1000. Thus over
five years 500 people would need to be treated to prevent 50 cases,
assuming that chemoprophylaxis were 10000 effective. It is therefore
desirable to be selective in the use of chemoprophylaxis. It is generally
agreed that chemoprophylaxis should be given to children under the
age of 16 who have a positive reaction (grades 2-4) to the Heaf test
but who have no evidence of previous BCG vaccination. Chemopro-
phylaxis for Asian immigrants over this age is a matter for discretion
and is probably justified up to the age of 40. Chemoprophylaxis with
isoniazid alone for 6-12 months is both cheap and effective but carries
a considerable risk of poor compliance because of the long duration
of treatment and the mobility of the population. Other regimens have
been used for 3-6 months despite the absence of studies of the
efficacy of these regimens.
The value of screeningimmigrants on their arrival may be ques-
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tioned on the grounds that the yield of active disease is low and
the value of chemoprophylaxis unestablished. Probably the greatest
value is from BCG vaccination of children. The incidence of tuber-
culosis in children of parents from the Indian subcontinent compared
with that of white children is 50 times greater if born abroad and 20
times greater if born in Britain.'8 BCG vaccination should therefore
be given at birth for those born in Britain and as soon as possible
after arrival here for those born abroad.'9

Screening by chest radiography before arrival in Britain is desirable,
but as most disease becomes evident only after arrival in Britain,
screening of high risk individuals would need to continue.

BCG vaccination

The DHSS currently recommends that BCG vaccination be offered
routinely in schools to children aged 10-14 years throughout Britain,
and this programme has been shown to be highly effective in prevent-
ing tuberculosis.'0 It is necessary for this policy to be maintained
everywhere, including those regions that currently have a low preva-
lence of tuberculosis, as children living in these areas may subsequently
go to work in regions where there is a much higher prevalence of
tuberculosis, such as in London and the industrial cities of the
Midlands, where the risk of infection is much greater than in the
place of their schooling. Because of the mobility of the population
BCG vaccination should not be abandoned until the risk of infection
is low everywhere in Britain.

Before receiving BCG vaccination all children should receive
tuberculin testing using the multiple puncture Heaf technique.
Those with positive reactions (grades 2, 3 and 4) should be referred
to the local chest clinic for examination and chest x ray. Those with
grade 3 and 4 reactions merit follow up by chest x ray examination,
and chemoprophylaxis may be given to Asian children. BCG vacci-
nation is given to children who give negative or grade 1 reactions.
The technique of BCG vaccination is described in a DHSS circular.2'
The technique of administering a truly intradermal injection by
needle and syringe is one that needs training and practice, and new
staff should be trained by experienced operators to avoid injections
that are subdermal instead of intradermal, which may cause local
abscess formation.
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Clinical curio: addiction to sherbet fountains

Although modern confectionery is said to damage both the teeth
and the digestion, reports of metabolic disturbances have been
confined to liquorice abuse. We describe here a case of severe metabolic
alkalosis after eating large quantities of sodium bicarbonate and
liquorice in the form of sherbet fountains or lemon kali.
A 25 year old woman presented with a week's history of giddiness,

slurring of speech, headache, and profound muscular weakness.
She admitted to the ingestion of no drugs other than oral
contraceptives. On initial examination she was slow mentally with
slurred speech but no confusion or disorientation. Her blood pressure
was 97/75 mm Hg. She had mild right sided cerebellar ataxia, profound
muscle weakness, but no other abnormalities. Viral encephalitis or
demyelination was tentatively diagnosed, but on admission consider-
able biochemical abnormalities were found: serum sodium con-
centration was 125 mmol(mEq)/l, potassium 15 mmol(mEq)/l,
chloride 58 mmol(mEq)/l, urea 3-8 mmol/l (29 mg/100 ml), calcium
2-46 mmol/l (9 8 mg/100 ml), albumin 43 g/l, and glucose 4-8 mmol/l
(86-5 mg/100 ml). Serum osmolality was 255 mosmol/kg and urine
osmolality was 392 mosmol/kg. The urinary pH was alkaline at 9,
and a midstream urine specimen was normal. Arterial blood gas
estimation showed pH 7 6 (hydrogen ion concentration of 24-8), a
normal arterial oxygen value of 13-3 kPa (100 mm Hg), a carbon
dioxide value of 7 03 kPa (52-7 mm Hg), and a bicarbonate concentra-
tion of 82-8 mmol(mEq)/l. Urinary electrolytes showed a sodium of
60 mmol/l, potassium of 47 mmol/l and a urea of 9 mmol/l (005
g/100 ml). A Synacthen test was normal. This pronounced metabolic
alkalosis, for which initially no cause was apparent, reverted to
normal after treatment with intravenous physiological saline for

24 hours. After direct questioning she admitted to being passionately
fond of lemon sherbet, often eating up to eight Barrett's sherbet
fountains a day as well as buying lemon kali powder. Indeed, for the
first 48 hours of her hospital admission her father had been bringing
her in half pound bags of lemon kali powder. After we explained the
hazards all her biochemical measurements reverted to normal, and
she returned to good health.

Metabolic alkalosis induced by amounts of sodium bicarbonate is
unusual, and there was no evidence of excessive gastric loss of
chloride due to vomiting,' deficient chloride intake,' or excess of
renal retention of bicarbonate as shown by a urinary pH of 9.2 3

There was no evidence of intrinsic renal disease, and she had not
been taking diuretics.

Biochemical analysis of a random sample of Barrett's sherbet
fountain showed a hollow stick of liquorice weighing 6 g and a yellow
sweet effervescent powder weighing 22 g. We presume that it is a
mixture of sucrose, sodium bicarbonate, and either citric or tartaric
acid. A 10/% solution of the powder was of pH 5-2 and contained
9 mmol/l of bicarbonate, 7 mmol/l of sodium, but no potassium. Its
osmolality was 38 mosmol/kg. A variable but considerable bicarbonate
load2 under the influence of the aldosterone like effect of excess
liquorice ingestion produced a kaliuresis and a consequent complex
metabolic alkalosis with hypokalaemia probably explained her
cerebellar dysfunction and muscle weakness.-G KAYE, senior house
officer, and E R WILLIAMS, consultant physician, Coventry.
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